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ABSTRACT 

A program that simulates a Digital Equipment Corporation PDR-11 
computer and many of its peripherals on the A.I. Laboratory Time 
Sharing System (ITS} is described from a user's reference point of 
view. This simulator has a built in DDT-like command level which 
provides the user with the normal range of DDT facilities but also 
with several special debugging features built into the simulator. 

The DDT connand language was implemented by Richard M, Stallman while 
the simulator was written by the author of this memo. 


Work reported herein was conducted at the Artificial Intelligence 
Laboratory, a Massachusetts Institute of Technology research program 
supported in part by the Advanced Research Projects Agency of the 
Department of Defense and monitored by the Office of Naval Research 
under Contract Number NC0C14“70-A-Q362-0flD2, 
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t, introduction 

11 SIW is u program that simulates a ] p,i ta 1 Equipment 
Corporation PDP-11 computer |ftef I|. Th i s simulator Is 
designed to run on the Artificial Intelligence Laboratory PDP 
ID | Ref 3| system under the IT5 monitor JRef 41 , A DDT-Hke 
[Ref 5| command facility is included which makes available 
functions equivalent to those provided by the PDP-11 console, 
the normal range of DDT facilities, and the use of several 
special debugging features built Into the simulator* 

11S1M Is available under ITS as a system program of 
name FDP11. 

The PDP-11 processor simulator was written by the 
author of this memo* The DDT coitmand language was designed 
and implemented by Richard M, Stallman* 
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11, Processor Simula Eton 

The PD P-11 / 20 processor fg simulated by llSlM tmdier 
ITS | FLef M w 1 th an increase in execution time of about a 
factor of 50* The actual simulated versus real speed ratio 
varied from 25. to 37* for the PDP-11/2-0 processor maintenance 
programs* Things that would tend to Increase this ratio (t*e, 
slovf down simulation) Include activation of ‘'direct to memory 1 " 
input-output devtces that operate To parallel with the 
processor on a real PDP-11 or frequent program reference to 
such things as the program counter as a register other than as 
an addressing index <i*e * 1 B t C non-existant memory 

locations,, or the other special register locations, 

1151M keeps track of simulated time to one tenth of a 
microsecond based on the nominal timing of the PDP-11/20, 
Delays caused by the EAE (Extended Arithmetic Unit KE11-A) are 
rot simulated. For information on the timing treatment of 
other peripherals see the Appendix, 

As a eonvienco, some PDP-11/A5 |Ref Zf features are 
also simulated but can be disabled by detaching the " 1 11 * S M 
device I Sec VIII I > Irii th these PDP-l.I/ti5 features off, thp 
only known imperfection Fn the PDP-11/2Q processor simulation 
Is that instructions that specify a register as a source and 
then nod Tty the register in the calculation of the destination 
address will fetch the unmodified register as data. Thus MOV 
5,3, (3)+ does not store the Incremented register 3 as on a 
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real PPP^H. This fs because it Es convenient For the 
sinuiiator to fetch the source data before calculating the 
destination address, Digital Ftjutpment Corporation has said 
Et will not guarentee the eompatabt1Tty of this type of 
instruction on future models of ch-e p[>P“Il | Rsf i| r 


IIS IM Reference Hanua 1 


Pape is 


III, Covinand Level and Interrupt Commands 

11S-IM has a tlDT-like command level [Ref 5-1 which the 

user is initial ly typing at. Whenever command level Is 

entered, after the first time, Et prints nut the location and 

symbolic representation of the next instruction to he executed 

If the simulator were proceeded, (This location Is not '"open 11 

however [Sec V |,) This Is usually preceded by an End[cat ion 

of why command level was entered. For example ■nUlT, RFtEAK, 

and COUNT Indicate command level was entered due to a 111, a 

breakpoint |£ec EXE, or a proceed count exhaustion I Sec V|||„ 

When first started, I1SIM prints out Ets version 

number (this should be included in the report of any bus) and 

initializes the PDF-MI configuration [Sec VMM. If the user 

has pc disk file named .PDP11 UNIT}, zeroed PDP-11 core is 

attached to 3K from zero as wlth an attach command, causing a 

print out. Command level is then entered with zero as the 

location of the next Instruction for the simulator to execute* 

The resulting Initial print out Is as follows; 

llS lH*nnn 
CORE * 8.K 

If the user does have a disk File named + PDP11 (EMIT}, 
no core is initially attached by the simulator. Instead, 
"LH1T 11 Is typed out and after command level is first entered, 
the user's file will be executed as with a :XF! LE 1 Sec X|, 

The user's INIT file should attach the desired amount of cure. 
Command! level is entered If the user quits (see |G 
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below this section) or the simulator halts due to a MALT 
Instruction, a buss error during a trap, or some reason 
related to the debugging features of the simulator, Command 
level types out an exclamation point as a prompt character at 
the beginning of each new line of Input to It, Single 
character rub out is allowed between activation characters* 
Simulated time does not pass in command mode, 

The following characters have effect at the interrupt 
level regardless of whether the simulator or command level is 
active. They are invisible to simulated programs and Ignored 
by command level (but see ]£)* Some help In getting back to 
command level rapidly while most control the destination of 
normal "console 1 ' or simulated teletype output, 

A, l\EL (.Begin) Turns on output to line printer (but see 
:WALLP [Sec Jill* If not available, output will be buffered on 
the disk for later printing by ITS. 

B, I L dndj Turns off output to line printer, 

C; IS (bein This Ts the "(Hilt 11 character* 

C,1 If typed while at command level It causes 
an, immediate error and return to the main command loop, 

C.2 if typed wh i 9 e simulating,, it sets up a 
transfer to eairmand level to occur at the end of the current 
Instruction or simulated input-output cycle. It Is possible 
that due tea bus In the simulator the current instruction or 
1-0 cycle wl11 not end soon* (This is very much more likely 
for a complex newly Introduced 1*-o device than for a basic 
PDP-11 Instruction,) In this case more !£ f s may be typed with 
the following effects* 

C.E.a |CI£ This has the same effect as ;|f3f£ 
and 1/131 allow the user to immediately see if he has quit or 
not despite nuch buffered type out. 

C*2,b I This causes commend level to be 

entered Immediately, probably from within an 1-C cycle. 
Preceding the si mu latlon will return to whatever wa s hap pen. i n g 
while a ;G | Sec V t M will start simulation at the beginning of 
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an Instruction* 

D. IS (fluote) This character causes the fnmedI atel y 
following character to he treated as an ordinary letter at 
interrupt level and also at the main program level of command 
level* A IS will be Invisible to a program helng simulated 
but the following character will always be visible. It Es 
useful for Enputin& any of the special characters listed in 
this section. tt may also bn used to nut space, comma, colon, 
ond semicolon Into filenames. Rubbing out a character nuotetl 
by a lil also automatically rubs out the |Q. 

E. E£ t^Eience) This character deletes all typeout 
until the time It Is Invisibly read at the main program level. 

F. |J£ tloi cej Turns on typeout, Typeout is also 
switched on by some serious errors. 

&, IU (if is per) Turns off typeout, except for most 
error messages which bypass this switch. 
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IV* Expressions In 11S IM DDT 

Expressions In 11SIM DDT are composed of syllables and 

operators* Syllables are composed as follows; 

<diglt>:!■ 0| 1| 2 I 31 k\ 51 B\ 7\ E| 9 
<letter>:?- M B| C , , , x| yj 1 \ *| % 

<octa 1 "numbsr>t j * <dlgit>| <d i gl t><octal -number> 
<decimal -nuhaber> ; ;= <di,sit>*E <d t k 11 > < dec I ma 1 -number> 

<ASCII-val ue>j; - 1 <any-charscer>E H <any- 
eha reeterXany-che rector > 

<symbol>;j= <letter>| < 1 etterXoctal-number > 1 
<symbol>Csymbol> 

<syllab]e>:;■ <octal -numbers | <decimal-number>f 
CASC I I -valee> | <symbal> 

In the above^- <any-character> means either any ASCII 
character not mentioned In section HE and not rub-out, or e 
[3 followed by any mentioned In section 111 or rub-out* ftub- 
out Is used to Implement a character at a time Input backup 
feature* 

The value of a syllable fassuming no undefined 
symbols) Is a 16* bit number and a flag that says if It. Is a 
register number* A register value can come only from a 
register type symbol* The only initial register symbols are 
50, 51, * . * £6, %T* An expression Is register valued If and 
only if It contains a term which is a register valued 
sy1 labia. 

Expressions are composed of syllables and certain 

operators, with the indicated precedence, as follows: 

<Serm>;: H! <syllables I <va1ue> 

<exprl>tf“ <terrrt>! -<term>| +<term> 

<expr2>i;* <exprl>| <exprl>*<exprl>| <exprl>J£expr1> 
<expr3>s i* <exprZ> j <txur2>+<expr 2>I <exprZ>-<expr2> 
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<expr4>::= <expr3>| <expr3>fi<expr1> | <expr 3>"*<expr3> I 
<expr5>*<expr3> 

<express ion>r s <expr4>| <expr l*Xspace><expr4> 

In the above ■"J 11 sonifies division, "k" means logical 
and, "~* u (back slash) means i ndus 1 ve-or, an-d "f" means 
exclusfve“or, A <space> In an expression performs the 
operation of addition. 

Since the PDP-11 Has multi-word instructipn$, the 
command level Q£)T pap handle multi-word values. These may be 
composed by an op-cude or with angle-brakets as shown below; 

fexpr-sequenceX s “ <expr esslon>I ^express Ion>,<expr- 
se<juence> 

<!value>:: = <expression>I <op-code-wlth-operends>I 
,l < ,, <expr“£equence> ll >“ 

For an expr-sequence at the top level, each expression 
is assembled as a successive word* Ip an embedded expr- 
sequence, only the first expression is used. Surrounding 
register value expressions with angle brakets strips off their 
reelsterness* 

Op-codes may variously have xero, one, or two operands 
and the operands may he of various sorts. The usual PDP-11 
conventions are followed IFtef 11. except for the set and clear 
flag Instructions where SFL or CFL followed by a space, an 
atslgn, and the appropriate flag letters Is used (1*e* SFL @C 
for SEC or CFL @Z for CLZK In senral, expressions of the 
right registerness may be used in operands* Where a register 
3s expected and an ordinary value Is supplied, it is treated 
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as a register value Cl.e* RTS 7 Is equivalent to RTS £7K 

The following are some special symbols whose values 


are automat I cal 1y set* 


Or 

'V ft 

% 

50 FC 

m 

£6 

&C0RE 
address5 , 

5D 

our, 

$JPC 

[Sec IX f * 

*£ 

%P 

else £Q* 

l CSX 

&PATR 

PATCH 

SPMOOE 

5TMODE 

SymboT s 

[including the 

Appendlx. 


Current location I Ref U || ^ 

Location actually open (See V|* 

Set at entry to simulated program counter* 
Address of last or current Instruction. 

Has value of last quantity typed In or out. 
Address of last breakpoint taken fSec IX|* 
Starting address for j?G with no argument* 
Humber of bytes attached (first non-ex!stant 

Last explicit destination address typed In or 


Sometimes set to address of last jump or trap 

Length of last quantity typed In or out* 

Last explicit source address typed In or out* 
Last subexpression in a multiword expression. 

Address used by ;* |5ec vill* 

Location after Instruction patched |Sec V!I|, 
Patch space pointer |Sec VI 1 | *. 

Permanent type out mode [Sec V|, 

Temporary type out mode [Sec V]* 

are also defined for various device registers 

processor "'devl ce'"l * They are listed in the 
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V, Examining, and Depositing 

In examining and modifying iocatSons, 11£1 m command 
level follows the same general conventions as DCT |Ref 51 , 
r 7 fi when, prececded by an expression types out the 
corresponding location In the current node (see below this 
section for r^dp commands). This command changes the values 
of the symbols Z . and If given no argument, the value of 

§G Is used and only Is changed. Open square braket Ts the 
same as V" in alt respects except that type out Is In non- 
instruction r.iode. 

The commend retypes or its argument, if 
supplied. In numeric form. Close square braket Is the same bS 
l,fcl1 except that It types out Tn current itidHe, 

The left arrow (or underbar) command reopens £, in the 
current mode* 

The :REGS command Is aveitable to examine all of the 
eight proeesor general registers. 

Carriage return closes the currently open location and 
deposits its argument, if any, there. Horizontal-tab, llne^ 
feed, and up*arrow (or circumflex) do the same hut then type 
out the address of and open a new location. For horizontal- 
tab, this is the location addressed by the previously open 
location. Fur line feed, this Is , *1 If a byte is open or 
if a word Is open, where %L is the length of §Q In 
bytes. For up^arrow, it Is If a byte Is open and ,-2 if a 
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word Is open* 

There are three sets of type out nodes. The one-shot 
set are refered to during printing and are reset from the 
temporary set at the end of every non*type-out-mode command* 
The temporary set are modified to the permanent whenever the 
simulator types out a prompting This happens when POT Is 

entered and after a carriage return, 3 colon command, and some 
other commands* Thus the onn-shot mode affects only the next 
comman d, 

Each set of type out mode* l£ a group of bits that can 
be cleared {with a minus sign imnerf1ately hefore the mode 
character) or turned on for either just the one-shot set (one 
semicolon), or both the one-shot and temporary sets (two 
semicolons), or all three (three semicolons)* For example, 
D;;;N will set numeric mode for all sets but clear decimal 
mode In the one shot set* The following Is a complete list of 
mode characters; 

& &yte mode, when opening an even location, examine 
even addressed byte only* [Examining an odd location always 
fetches byte only.) 

[) Decimal mode, when print! hr a quantity 
numerically, use base 10* [Normal base Is E.) 

I Instruction mode, when opening a location, print 
as an Instruction. 

I] Numeric mode, overrides symbolic and ASCII modes, 

R "Register" mode, stops register values form being 
printed symbollcly, 

S Symbolic mode, 

1 Non-prlntlns node, when opening a location, riqn 1 c 
print its contents, overrides aTl others. 

" ASCIf mode, overrides synbqllc* 

* Doth ASCI I and byte modes* 
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These different nodes are relevant at different points 
|n type out* Decimal mode only has effect when it has been 
decided to output a number* When a location Is opened, P1 J" 
mode is check first* If It is off, then 11 1 11 mode Es checked 
to see If Instruction print out should be used* ff "I" Is off 
then ASCII and T, N ,r mode are successively tested. iln 
examining an odd location or a register or when byte mode 15 
oh. Instruction mode is supressed,) When a quantity Is 
output, the same thing happens except the ,f ! ,a and fr i” modes 
are not examined* When a quantity Is printed symboltcly, it 
is normally printed as the nearest symbol less than the 
quantity plus the difference printed numerically. Special 
things happen for register quantities* These ere printed as a 
symbol ohly If the symbol matches exactly, ,r Fl" and ’ll' 1 mode 
are off, and ’’S Bl mode Is on* If printed numerlcly a * Is 
printed In front only If the context tin an instruction) docs 
not make it clear that the number Is a register* 

Numeric and ASCII mode do not affect the output of 
addresses printed by command level because it Is about to open 
them (E,e*, those generated by line-feed, breakpoints, etc,)* 
Expressions typed before a mode setting command are treated as 
If typed afterward* 
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VI, Zeroing, Loading and Humping 

A. 11hough the simu1 a t ed tore end disk dumping: and 

loading commands load and dump zeros, there exist separate 

commands to zero or set to ary other value all or nart of core 

end to zero the simulated disk. The commands are a a follows! 

$Z Zero all core words (oxc^pt top tnK of memory). 

exp?Z Set ail core words (except top i«K) to exp 
where exp is a one word expression* 

<exp1 t exp2>$Z Zero all tore words from pxpl through 

expi * 

<expl jf exp2 / exp3>$Z Set all core words form expl 
through exp2 to exp3* 

tZERDF Zeros simulated disk* 

Dump files in 21SIM can contain many different kinds 
of data* In the list below, the term "cora" includes zeroes 
and breakpoint information 1&ec IXI hut not normally anything 
in the top 4X of memory* Dump commands write in a format 
known about hy the load commands (farther below, this section) 
bu t not acceptable to any normal PDP-11 loader, 

Alt dump commands but t COMP may be followed hy a file 
specification which consists of symbols separated hy space, 
comma, colon, or semicolon (these characters nay he Included 
in a symbol by preceedlng them with IH) and ending wlth a 
carriage return* Symbols terminated by a colon or semicolon 
specify the device and system name respectively. Symbols 
terminated by a space, comma, or, carriage return are treated 
as, succes1vely, the first and second file names, the device, 
and the system name. Parts of the file specification not 
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given are supplied from the last toad or dump command except 
for the system name which Is taken from the last file command 
of any sort. The initial file name Is !,£ BIN* 

:DMPCOR Dump all core (includes breakpoint 
information |Sec IX I). 

Cexpl,exp2>:DMPCQR Dump core from expX through e*p2, 

jDHPSVW Dump symbol tahle, 

iDMPTPV Dump the trap and PC change action codes (Sec 

IX j * 

sDMPDF Dump the simulated disk contents (may also 
happen when detaching DF, see Appendix)* 

;DMP Dump core, information on amount of core 
attached, symbols, and TPV, but not disk, 

:UDMp Open permanent dump file* After an :OE>MP all 
ordinary dump commands, until a :CDMP, dump Into the permanent 
f i le, 

:CDMP Close permanent dump file (see ;0DMF), 

Sane as iDmP* 

All 11SIM load commands, listed below, may he followed 
by file specifications of the same format as for dump commands 
(see above, thFs section). If core being loaded into Hn r t 
attached, ft wMI be attached automatically* Vfhen core is 
attached in thTs way, a f, C0RE = ft print out will occur. If 
disk information Is loaded and the disk Ts not attached, It 
will be attached and a message printed. Load commands know 
about absolute loader format as well as those formats used by 
the above dump commands, 

SL Zero all of core, flush all user symbols, 

zero cumulative virtual tine, then load all Items In file 
(Same as iZ SI iFLSYMS :LDAD but also restores %t$X 
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and sets PATCH to prohibit patching Cl>PATCH} fS e e VM| until 
reset by the toad or the user), 

i L 0 A P Lo*t d alt S t cm s 1ft file (si fflu lated disk nay 

also be loaded by attaching ]t s see Appendix), 

j 1.0&CDH Load only core from file, l^nor-e symbols^ 
TTV, and disk informs 11 on* 

;LnDPTH Same as iLOAD but uses S^blt node for loading 
from the paper tape reader. 
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V I I . Execut ion 

This section Uses commands that cause or are di recti y 
related to actual simulation of PDP-11 instructions. In the 
case of those commands that cause Indefinltly Song simulation, 
control can he returned to command level with a |_G |£ec Mil* 
Control hill automatically revert to command level If a HALT 
is executed, a buss error occurs during a buss error trap, or 
a debugging stop 3 s reached ;|5ec IX i * 

$G Start Indefinite si mu tat 3 on at location *GQ + 

SexpG Execute exp instruction starting at £G0, 

exp$G Start Indefinite simulation at location exp* 

expI$expZG Execute expZ instructions stating at 
location axpl, 

h 

SW Proceed simulation for one Instruction, then 

return to command level. 

exp£N Proceed simulation for exp Instructions, 
return to conxrand level at end If nothing has caused an 
earlier return to command level, 

$P Proceed simulation indefinitely* 

$X Insn lterminate by carriage return) Executes the 
instruction insn by storing it at location %CSX (Initially 
177720), If insn causes a transfer, sImulati cm will continue 
until control returns, %} is always restored on return* 

SX Game as SX Insn but executes the instruction 

currently at $C5X. 

exp$H insn Same as sX Insn except that exp Is put In 
%l before executing the instruction and £1 Is restored on 
return* 

expSX Same as exp$X insn except It uses the 
Instruction currently at 3C5X* 

exp:5£CSX This command allows the user to move the 
location used by 5X commands to location exp, exp* 2, and 
exp+4. If moved Into attached memory below the top Eik;, the 
C £ X location will be properly dumped and loaded ] Sec VE J . 

$1 This Is a reinitialization corfrnand that 

simulates a RESET Instruction, zeros the cumulative virtual 
time and zeros the processor status register* 
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: CUSS 

about the last 
which Includes 
along wlth the 


The simulatei" remembers various Information 
up to three buss errors* This I nfo rmat >on, 
the si mutated time -of the error, is printed 
current t i mE by t (i t.PS S a 


; PAT exn This comniind can be giyen only when a 
location Is open I Sec V|. It gives the location special 
properties and stores exp> which must be a one word quantity, 
En ft, Attempts to read or write the locactlon by a simulated 
program will be treated as stopping breakpoints [Sec iXf. 
fetching the location as on Instruction v^t 11 cause a transfer 
to exp* Examining the location at command level will type out 
"tPAT" before exp and force exp to be typed as an address, 
depositing with DDT will erase the special Features, The :PAT 
command also sets the symbol tPATR to the location of the next 
instruction (the location line feed would have opened). The 
properties of ;PAT locations are correctly dumped and loaded 
J Sec VI \ * 


This command (control backslash) can be given 
only when a location is open and the symbol PATCH has been 
defined to point to an even non-register location. It has the 
effects of sPAT PATCH but also opens location PATCH. 

[X This commend (control close bracket) is normally 
used to return to an instruction sequence that was was patched 
with l" 1 . It has the same effect as ; PAT KPATft except that tf 
given an argument ft first stores Et and then patches after it 
and it also redefines the symbol PATCH Instead of ^PATft to 
point just after the patch It stores. 
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VI ti, Conf ii guratl on Control 

The confifiuratIon of the simulated PQ-P-ll 
controlled by the SA and in commands which attach and detach 
devices* These commands may he preceded by an optfonal 
numeric argument and are followed by a device name* If no 
device name Is given, either command will type a list of legal 
dev tee names. For some devices* fl n optional file name can 
fol low the dev fee name* The exact effect and conventions In 
attaching and detaching eT1 devices are listed In the Appendix 
except for the CORE “device", which Is explained below. 

Simulated PDP-11 core is allocated In units of lft2l+* 
words. Giving a numeric argument to an attach or detach 
commend on the COPE device will attach or detach that number 
of 1P2.4, word units* The maximum that may be attached Is 2B, 
uni15* After any attach nr detach command on the core device 
the total amount of tore then attached Is printed out* 

As it is sometimes co-nvenient to have a way of setting 
the amount of core to a particular value regardless of the 
current amount attached, there also axlsts the expiCC'RE 
command* It tries to set the number of attached blocks of 
core to the value of the expression exp* It then prints the 
amount of core attached, as ft does if given no argument. 
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IK. Debugging Adds 

The two basic bebugglng features are the breakpoint 
feature, described immediately below, and the trap message 
feature described further below, this section. They have been 
designed to allow the user to enter command level at a point 
In the simulated program likely to he that at which it is 
going astray. 

The breakpoint feature is implemented by associating a 
seven bit qunatlty with each simulated PUP-lI word* Any 
reference to memory by a simulated program or direct to memory 
inpirt“Outp*ut device can activate a breakpoint if the 
appropriate bits are on in the quantity associated with the 
word It is referencing. These bits are as follows; 

1 Breaks on processor instruction fetches, 

2 Breaks on processor write references, 

4 Breaks on processor read references except 
instruction fetches. 

Id Upon breaking, if this bit Is set, continue 
simulation, else enter command level, 

Zfl Breaks on direct to memory device write., 

4 fl Breaks pn direct to memory device read, 

ion Breaks on processor instruction fetch, always 
enters cOmtrtCnd level, and clears itself* 

Iftien a break occurs, a message is typed showing 
various information normally including the instruction which 
"caused" the break, In the case of instruction fetch 
breakpoints that enter command level, this is the instruction 
fetch of which caused the break, Autoflusb breakpoints, 
indicated by the 100 bit, always enter command mode and delete 
themselves. Otherwise, if the 10 hit is off command level is 
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entered. 

The break message will also contain the code ft, 1), nr 
i as the break was caused by a read, write, or instruction 
fetch* RW will appear If the referencing Instruction was 
performing a read-pause-write cycle. For direct to memory 
references, the codes flGDIS RW for the display, GSK ft and DSK 
W for the disk, and DM R, DM RW, and DM W for the teletype 
multiplexer will appear* 

The commands to Insert and remove breakpoints are $E, 
5 F, $R, $W, and $U, These commands can take two expressions 
as arguments, one just before and one just after the N S , \ if 
no first argument Is given, the command will affect all 
locations where breakpoints tan be set* If a single ward 
value first argument is given, the command vM 11 affect only 
the location with that address, if a multi-word value first 
argument Is given, the locations from the first sub-value 
through the second sub-value will be affected, 

Uith no second argument, just after the 1,1 S M , SB wT 1 1 
put in a break of type 7 (print message and enter command 
level on any processor reference) 1 while $U wi 11 remove a 
breakpoint by making It type 0 (never break), $F, $R, and Jld 
Insert breakpoints of type 1, 4, and 2 repsectively to trap 
just Instruction fetches. Just other roads, or just write 
references. This Is, In fact, the only difference between 
these comnands as, wTth a second argument, all use the bottom 
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seven bits of the second argument ns the break type to set. 

The trap message feature allows the user to he 
notified and, if he desires, to enter command level on any 
PDP-11 trap or transfer of control. There Is an array with an 
entry for each even word address from A thru Z 74* These are 
the type of locations used for "trap vectors 1 ' In the PDP-11, 
Each entry In this array contains one of the following trap 
action codas; 

& Do nothing (continue simulation), 

1 Set %JPC from SOFC and continue, 

2 Print message and continue, 

Z Print message and enter eorfiir.ard leval. 

The S-T command is used for setting these codes. It 
can be given the location ft Is desired to Influence traps 
through as e first argument (just before the "S"), tf this 
argument Is oniitt&d, traps through all locations will he 
affected, A second argument (just after the r, $' 1 ) may he 
supplied which Is the trap action code to he set, |f this 
argument Ts omitted, II Is assumed* 

Since the PDP-11 does not trap through location 0 y 
this slot in the trap action array Ts free and Is used to 
allow any of the above trap actions on all transfer of control 
Instructions* The tnitel trap vector state is hslT. 
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X* Mi scell aneous 

A, Symbols 

At any particular time, there is symbol table In the 
simulator used by the command level DDT I Itef U\ r It contains 
op-podcs, special symbols, and user defined symbol s, The user 
defined symbols are usually Initial Tied by a load contend end 
are saved by some dump commands [Src V||, The following 
commands ore useful in manipulating user symbols; 

tLSYMS Lists all user symbols and some special 
symhols with their values* 

jFLSYMS Flushes all user symbols* 

exp? sym Defines sym with value exp (.should be a one 
word quentityl* 

?SYH Defines sym with value £Q, 

efcp>symfK Defines sym v/fth the value exp hut does not 
allow It to he used in symbolic typeout (half-kills the 
symbol). 

|j£sym Complements half killed status of svra* 

; LOOKUP Should be fol lotted by a symbol , Valrets a 
string to HACTRN jRef 5| which causes it to type out the 
symbol table entry for the symbol* 

b* Time 

A cumulative simulated run time is kept by the 
simulator* Simulated run tine does not pass fn command level, 

;T1M E Prints cumulative sI nutated run cine* This Is 

also printed by the :BU5S command I Sac VI If, 

:ZTlME Zeros the cumulative simulated run time. This 
Is also done by Si ISec Vl|| and 5-L ] £ e c VII- 

C* Other 

; A LT £ E M This cottvnand switches the effect of ; and S In 
indicating types of commands* It prints out NORMAL or 
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SWITCHED as the state is the same or different from that 
Indicated In this nanaul* 

:DEBUG This command complements a switch and prints 
out OH or OFF depending on the switch's new state. This 
switch Es initially off* When on It enables the print out of 
the simulation program's program counter at certain critical 
points. 


iLCOMS This command. lists aM 11 :" commands f$ec X11 ■ 

:VJA.LLP This command has the effect of |Ji but takes an 
optional file specification which controls future output to 
the "line printer"* This file is also used hy future |E's* 

(£ terminates "console" output started hy a tWALLP. 

iXFILE This command takes a file specification like 
that used for dump and load commands |5ec Vf[. ft treats the 
file as text commands to Lie executed by the simulator command 
level* Characters in the file are echoed on the users 
terminal as they are read* |£, |£, !Y, and !V{ are effective 
]5ec I 11| from the file as well as from the terminal, Any 
errors cause input to be taken from the term 1anl again Cthls 
includes |£ typed on the terminal), SO, and IP termiate 

usage of the command file. 
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X E, Index to Commands 


|B Sect]on ill, 

I E Seed on III, 

|G Sect? on til* 

II E tab) Seed on. V. 

|JH 1 nc-feed) Section v. 

|K Section X* 

|L Clear screen, 

jMfcarrlage-return) Terminates flic specifications and 
some commands Section V E, Section V* 

IN Same as $N, Section VII* 

|P Same as $P, Section V!I, 

j Q Sect I on 111, 

Sect!on Ml, 

Section 1ft, 

Reference 5 , 
backslash) Section Vt(, 
close braket) Section VI 


IV 
|W 

|Z 

| "■( control 
I|{controI 


${ei t-mode) 
the following. character, 
ordered by character. 


tarts a class of 
See commands 


I* 

corrmandg Indicated t>y 
in this list ASCIf 


LI r j 


f 

II 


f * 


I <1 


r 

# 

5 

6 
r 

J 




i ir 


■ + 
/ r 


, H 


* / 


jettiom 

Section V* 
Section |V* 
SectiOn V * 
Sect!on I V * 
Section IV* 
Section IV* 
Section !V. 
Section V. 

Section IV, 
Section IV* 
Section IV. 
Section V, 
Starts b class 
symbol* See commands 


r J J 


of commanf 
in this 11i 


the fol lowi nji 
by symbol* 

? starts a class of commen< 

the next following non^semico1 on character* Si 
th F s list ASCII ordered by character, 

< Section IV* 

■ Section V. 

> Section !V, 

Section V I | 

iALTsEM Section X* 

;B, j;;;B Section V* 

SB Sect ion I X. 

: BUSS Section VIE 

: CDl-SP Sect! on V1 * 


Seed on X. 


t ndIca ted h y 
ASCI E ordered 

Indicated by 
commands in 
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:CORE 


Socti on 

VIII 


* ; ■ T) 

j r# #w 

Sectl on 

V. 



Section 

VI 3 1 

:U£flUG 


Sect I on 

X* 

:DHR 


Sect1on 

VI * 

:DMPCOft 


Section 

VI * 

3 DMPDF 


Section 

VI* 

iDf-JPSYM 


Sect Eon 

VI. 

tDMPTPV 


Sect ion 

VI„ 

$F 


Section 

IX* 

iF LS YUS 


Sects on 

X* 

SG 


SectiOn 

VII. 

■ E ■ ■ 1 

f * i t * ' V 

... 1 
# / J I 

Section 

V. 

$L 


Sect 1 on 

VI * 

: LOAD 


Sect 1 on 

VI . 

: LOPCOR 


Sec 1 1 on 

VI . 

: LODPTR 


Sect 1 on 

VI, 

■ LOOKUP 


Sec 1 1 on 

X. 

:L5YMS 


Sect!on 

X, 

;M, ;jN, 

* * ■ W 

Sec 11 on 

V, 

SN 


Sett 1 on 

VII, 

:ODMP 


Sec t Ton 

VI, 

$P 


Sect ton 

VI I , 

3 PAT 


Sectlon 

VI 1 . 

$R 


Sect!on 

IX. 

;R/ ;;R- 

■ ■ D 

*■ i / ™ 

Sec 11 on 

V, 

: REGS 


SectiOn 

V, 

j;5. 

;; ;S 

Section 

V. 

;S£CSX 


Sec 11 on 

VII, 

$T 


Sect fon 

IX. 

jTIME 


Section 

X, 

$u 


Section 

IX. 

%U 


Sect ton 

IX, 

■HALLP 


Section 

X. ■ 

$X 


Section 

VII. 

iXFILE 


Section 

X . 

$Y 


Section 

VI. 

tZERDF 


Section 

VI. 

*ZTIM.£ 


Section 

X. 


I Copen broket) Section V. 
’’’{back slash) Section IV* 

| {close breket) Section V* 
f{up arrow) Section V. 

Section V* 
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Appendix of Device Reg I suers 

This appendix lists all device registers Cpseudo- 
memory locations with magic properties) simulated by 11$1M* 
They appear In order of Increasing address and are grouped by 
"devTce". 

Eacii lettered section represents a device whose 
symbol I c name or names, Ef any, appear in alt capital; letters 
after the section tetter. Such names are the legal device 
names to use wlth the $A attach and detach commands I Sec 
VII M- After the section heading line, a list of interrupt 
vectors and priorities. If any, for that device appear. Then 
there is an explanation of the details of the device's 
simulation, attachment, and detachment. In ell cases except 
the Knight display, it 3s assumed that the user is familiar 
with the device's normal operation from manufacturer 
literature, For the Knight display (section A) a fuller 
explanation Is given* 

FTnally, each section has a list of register locations 
and bits in each register, dust after the register's octal 
address and just after each subfield or bit vrT ] 1 appear one of 
the following codes: 

RO £ead Only T This register.or field Is unaffected 
by writtEng into It* The data in It ca<n only be read. 

R/lf £ead jjrite, These bits can be read or written 
by the user's program, 

lv'0 llr E te £;nty, Tills register or field is always 
read as zero but has some effect on being written Into, 
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NS- Hot .Simulated* These hits are not simulated. 

For a register, this means that the location wl 1 l be non- 
existant* For a bit or field, the hits are always read as 
zero and wrltting them has no effect* 

The symbolic name of each register appears In all 

capital letters after the above code after the octal address 

of the register* This- name, ivTth a % prefixed, Fs a defined. 

symbol In IlSlw's DDT whose value is the address of the 

register, A general description of the register is nlven 

after Its symbolc name and a deserftlon of each used bit or 

field In the register Is given below the main register line, 

All bit numbers are decimal and the notation n:m means bits n 

through m Inclusive of bits n and m,« 

Unless otherwise stated, all the register locations 

associated with a device will he non _ ex1stant when the device 

Is not attached and attaching a device already attached Is 

identical to detaching it and then attaching It* 

The simulation routines for these devices were written 

by the author of this memo except for the FT device which was 

implemented by Richard M, Stallman* 
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A. HGDIS, The Knight Display 

270 11 1 nter rupt vector Apriority 

The Knight display controller alleys tip to eight 
consoles to be attached to a PDP-11, In the simulator, this 
device is not initially attached. When attached, Et uses the 
PEC 540 display to simulate three consoles {number 0 , 1 , and 
2 ) En three quadrants of Tts screen. The fourth, loner right 
hand uuendrarit displays simulator information including the 
output from a ; REGS arid jESUS 5 command, Each v/ord fetched for a 
particular display console as a display command Is decoded as 
fol 1 ows: 

Ml 1Z Alt 

0 0 No“OP* rest ignored. 

0 1 Increment commend, 13: 11 =ri 1 rectEon* 10 iRecount, 

7i0=blts* 

I o Push j , 13 : fl = dest i nation word address. 

Ml J! 11 11 

1 1 0 11 0 10»reset X. Preset Y. Jl^stop* 7= pop . 


&"l>opJ. 
1 
1 
1 
1 


1 

1 

1 

1 


0 

0 

0 

1 


The reset X 


10 « i ntensl f y * 9 :fi*delt 3 Y. 

10*1ntenslfy. [l:0=delta X. 

I0 = i ntensl f y. ?:fl*delta X and Y, 

No-op, rest ignored* 

and reset Y functions set the appropriate 


eoardlnate 

regtstars 

to 

zero 

a- 

The 

po t n t 

£B,fO is 

n t 

the 


center 

of 

the screen 

and 

the 

upper 

right 

quad ran t 

E s 


+r. 

Each coordinate 

register 

Ts 

eight 

bits* 






1 n 

j Tit remer t 

mode, the 

count 

field £ 1n which 

zero 

imp 1 l es 

eight' 

r s the 

number 

of 

bl ts 

starting, from 

bl t 7 

down 

that a re used as follows 

a 









dl r 

bit 

X 

Y 


di r 

bl t 


X 

Y 





0 


0 

+ 1 


it 

0 


0 

-1 





0 

l 

+ 1 

+ 1 


4 

1 

- 

1 

-1 





1 

0 

+ 1 

0 


5 

0 

- 

1 

0 





1 

1 

+ 1 

+ 1 


5 

1 

- 

1 

-1 





2 

0 

+ 1 

0 


B 

ft 


1 

0 





2 

1 

+ 1 

-1 


B 

1 


1 

*1 





3 

0 

0 

-1 


7 

0 


0 

+ 1 





3 

1 

41 

-i 


7 

1 


1 

*1 






The direction 

can be 

cons 3 dured 

to be one 

of 

the 

eight 

compass 

points 

clockwT se 

numbered 

with zero north. 


These 

points 

are 

then 

rotated 

clochwi 

se 

22 

and 

a half degrees* 

Then 

a zero 

bl t 

means the 

nearest 

of 

K, 

E 

* s. 

or W and 

a 

one 

hi t 

means the 

nearest of 

NE, 

SE, 

sw 

f 

HW, 

A point Is 

displayed 


£t the end of each increment. 

In the delta X and Y cpmmands, hit 9 


and E have no 


effect currently hut ere rEserved for future expansion of the 
coordinate registers* Etts 7 through 0 are 2 f s cornelement 
added to the appropriate coordinate regEster( 5 )„ a point is 
displayed at the new coordinates If the intensify bit is on. 
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The lower J,4. hits of a pushj type display command Are 
shifted left one to ^ive the Cunre 1 ocated) byte address that 
is transfered to, A simple transfer Is accomplished by 
pushjinn to a pop command. The stack pointer (un re located } 
used by the display processor for each console is found En 
location 16, plus twice the console number. 

164Q4C R/U NGCSR, Control and status register 

0:7 R/W Ruh (jits for each console (n for console fl) , 

getting hit starts console and sets console PC (unrelocated) 
to the console number times two as a byte address, Clearing 
bit aborts output on console, hit cleared by controller when 
console bits a stop command. 

S R/W interrupt enable, Allows Interrupt on run 
bit going to zero for any console, 

3:11 R0 Humber of last console to (tet a non^existant 
memory error. 

12 R/U NJiM interrupt enable. If set, bit 15 on will 
Interrupt and suspend all displaying even though some of bits 
Q:7 remain on, 

13:11* ft/w Relocation extension hits. See rJfiREL* 

15 R/U flen-exl stant memory error. Ran be set for 

checking purposes. 

16 404 2 ft/W NGKEL, Relocation pointer, 

1:15 R/U Relocation for display addresses, extended by 
KGCSR bits li:14, All memory locations fetched from or stored 
into by the Knight display have their address relocated by the 
addition of the relocation pointer. 
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E , PKj The KWH“P Programmable Clack 

10^=3nterrupt vector fv=priority 

This device is rot initially attached* it does not 
take- any file name after It in an attach command hut a non- 
zero prefix numeric argument will he taken as the <h l Tne 
frequency" .for rate 2 operation. This is initially fid. The 
cumulative simulated time Is used to drive the PK device so 
its actions correspond to simulated real time* 

1725 U 0 R/W PKCSR# Control and Status Register 

0 R/W Run#, allows clock to run, cleared by 

underflow in Hods n, 

1:2 R/W Rate select as follows 
1 2 . rate 
0 0 L □ 0# 0 0 G Hz 
0 1 M,0fl0 Hz 
1 0 Line frequency* 

1 1 External* 

3 R/W Mode, If zero underflow stops clock by 
clearing bit 0, if one clock continues counting after 
underflow* 

4 R/W When zero# clock counts down. If one, clock 
counts up, 

5 R/W Setting this bit causes clock to count by 

one * 

6 R/W interrupt enable* allows hit 7 to interrupt, 

7 R/W Turned on by underflow, 

15 RO Turned on by underflow with bit 7 set# 

cleared by clearing bit 7. 

1725k2 WO PKCSB, Counter Set Buffer 

Si IS WO Sets counter* cleared by underflow in mode 0# 

used to restore counter on underflow In mode 1. 

172544 R0 FKC# Counter 

fulS RO Current state of counter, 
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C, DC, OCR, OCT, Asyneronous Lfrre Interface 

^0U«= 1 nterrupt vector 5«|irior|ty {receive) 

310=1nterrupt vector ^-priority {transmft) 

This device is not Fnitally attached* It nay he Riven 
a fTle specification argument when attahced, Using the nc 
device attaches the same file for hoth receive and transmit. 
The OCR and OCT devices allow file snecifFeat ions for just 
receive nr transmit. All registers exist if either OCR or PC'T 
is attached. 

If a teletype is attached for input, characters vri 11 
be available as llSlM nets teletype Interrupts* characters 
will not be lost due to not reading them fast enough, Non¬ 
teletype Input and any output Is allowed every ten simulated 
microseconds* Characters output when ready Is not on will he 
lost* 

The DC device uses dynamically allocated Input-output 
channels as dl'scused under the PM device below. 


I7dODD 

R/W 

0 

K£ 

1 

R/W 

when set. 

2 

m 

at tached. 

3:4 

R/W 

5 

RO 

even par S ty 

« 

6 

R/W 

7 

R0 

« 

NS 

3:10 

R/W 


1iC$R., Receiver Status Register 
Data terminal ready. 

Break, In simulator, sends a zero character 

Carrier detect, In simulator indicates OCR 

Receiver speed, bo effect In simulator* 
Parity* In simulator always zero indicating 

Interrupt enable, allows Interrupt on hit 7, 
Done, indicates character available In R3UF* 
Supervisory transmit date* 

Character length. Ho effect in simulator, 

1 JLO h it s 
DOS 
0 1 7 

l 0 & 

115 


12 

NS 

Receiver overrun. 

13 

NS 

Ring 1 nell cator. 

14 

RQ 

Carrier transition. Cleared by reading RCSR 

In simulator 

set 

when BCR attached or detached, 

15 

no 

Error , OR of hT ts 12il4* 

174002 

no 

REHJF, Receiver Suffer 

0: 7 

RO 

Input character, Reading clears RCSft hit 7* 

174004 

R/W 

TSCft, Transmitter Status Register 

0 

R/W 

Request to send. No effect En simulator. 

1 

R0 

Clear to send. In simulator indicates that 

DCT attached 

* 


2 

US 

Ma1ntqn ance * 
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3: ^ 

R/W 

efffec c. 

6 

ft/H 

7 

R0 

In TBUF* 

a 

Ft/If 

s 3 mil a tor * 

15 

NS 

171*1106 

wo 

0: 7 

wo 


Transmitter speed select* In simulator no 

Transmitter Interrupt enable. 

Ready* Indicates ready to accept character 

Stop code.* R“2 bits. 1*1 M t* No effect in 

Supervisory receive data* 

TEUfF, Transmitter Duffer 

Transmitted character. Loading clears TSCft 


bit 7 
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D f PM, DMft, DMT, Asyncronout 16-Iine Pintle Speed Multiplexer 
314"inter rupt vector 5 = pr i o r 11 y (receive) 

32Q=Interrupt vector Apriority (transmit) 

This device Is not Initially attached, A line number 
from zero to fifteen should he supplied as a prefix a r gument 
to any attach command and a file specif1catlon may he supplied 
after each attach command* An attach on the DM device trios 
to attach the same file for both receive and transmit on the 
specified line. The DMR and PMT devices nay be used to attach 
receive and transmit sperarately, A line number from zero to 
fifteen is also usually given with a detach command, DMR and 
DMT may be used to detach just receive or just transmit, If 
no Tine number Is supplied on an attach or detach* nothing is 
attached ordetached, Instead* a print out of the status of 
the DM lines is made* 

If a teletype is attached for input* characters will 
be stored into memory as 11SIM pets teletype interrupts. 
Characters may be lost due to tumble table wrap around. Non- 
teletype input and any output is activated every three 
simulated miT1fseconds t 

The DC and DM devices use dynamically allocated input- 
output channels. Each receive or transmit attachment on each 
line uses up one channel unless the device attached Es TTY or 
LPT |Ref 4|, Currently there are a total of six channels 


avaiTable* 

175 000 

R/W 

CSR, Control and 

Status Register 


Cl 

R/W 

Receiver enable* 

When clear disables 

all 16 

recelvers, 

1 

R/W 

Fult-hatf duplex 

select* Ignored \ft 


simula tor, 

2 

NS 

Mat ntenance. 



4:5 

R/W 

TER extension bits. These bits also 

e xtend 


all other address produced by the DM* If on in the simulator 
they cause a timeout error, 

6 K/W Receiver interrupt enable. Allows hit 7 to 
interrupt. 


7 ft/W Done. Set es each character is received* 

12 R/W Transmit Interrupt enable. Allows bits 13:15 
'to 1nterrupt, 

13 ft/W System overrun, DM unable to get unibus In 
time. May be set for checking purposes, 

lit R/W Timeout, DM non-existant memory. May be set 
for checking purposes* 


15 R/W Transmit done, Set as any bit of MR goes to 


zero* 


175002 R/V I BAR, Buffer Active Register 

0:15 R/W One hit per line* Setting starts 

transmission. Clearing aborts transmission, 6it set to zero 
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when character count decremented to zero (see TtiFO + 

175004 R/W RCI3, Break Control Register 

0:15 Tl/W One bit per line* Setting causes continuous 
break tranmlssion or line until hit cleared by program or 
reset, 

175006 R/U TBR, Table fiase Register 

ft: 15 R/W This ts the relocation pointer fpr the tables 
En memory used by the DM device. It Is extended by C5R bits 
U s 5, Since the bottom eight bits are always zero, the TRR Is 
a multiple of 400. The first sixteen locations It points tp 
are the current byte address of characters being transmitted 
to each line* The next sixteen locations are the tranmlsslon 
byte counts* The third set of sixteen are not used In the 
simulator but are normally the bit assembly words* The fourth 
set of sixteen words Is never used but the following sixty 
four ere the receiver tumble table* A Internal do inter In the 
DM circles through these words and is incremented once as each 
character received is stored Into a vrord* The word wilt have 
bit 15 on and will have the line number In hits R;12* in the 
simulator, bit 15 will always be on and bit £4 always off. Dn 
a real DM these bits Indicate parity and break respectively. 
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E, EAE, Extended Arithmetic Unit KE11-A 

This device ts initially attached, Delays caused by 
EAE operations ate not simulated* byte node references can 
write in the simulated status register* 

177300 Iff) D[V, Divide 

0:15 WO When the divisor Is moved to this address, 
the 32, bit dividend in the AC A MO Is divided by this number* 

177302 U/M AC, Accumulator 

ns 15 R/U High order word of arithmetic unit* Contains 
low order product on multiply, remainder or hi eh order 
dEv Edend on divide. 

17730b R/U MQ, Multiplier Quotient 

Os 15 R/W Low order word of arithmetic unit. Contains 
low order product or quotient on divide, When written into, 
its sign Is extended into the AC, 

17 73 06 WO MU L, Multiply 

fl:15 WO When the multiplicand is loaded Tnto this 
address, the EAE multiplies this number by the number in the 
MQ, 


17 7510 Ft/tr SC5R, $tep Count and Status Register 

G:$ Fs/W The step count which contains the count for 

long shifts and the step count following normalise* 

C R/W On shifts, set to last bit shifted out of AC 

& MQ, 

9 RO Indicates that result is a single word En the 
MQ.* (Or of bits 12 and 13, this word*) 

10 R0 Indicates that result Is zero* fAnd of bits 
11 and 12, this word,) 

11 RD MQ Is zero* 

12 RC AC Is zero, 

13 RO AC is all 1 * 5 * 

14 R/Vf Indicates result negative, 

15 R/Vf X0R of operation causing overflow and bit 14* 


177312 R/W NOR, Normalize 

0:15 Ft/Vf VI r I ting Into this address results in the 32* 
bit number in the AC £ MQ being normaliled, This usually 
means shifting left until the top two bits are different but 
certain special numbers are checked for and handled 
differently, Reading this address fetches the shift count* 

177314 WO LGS, Logical: Shift 

0:5 WG Output to this address results in a logical 
shift of the AC & HQ (fining with zeros) the specified number 
of bits. 
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1375It WO ARS, Arithmetic Shift 

tl+5 WO Output to this address causes an arithmetic 
shift of the AC & HQ. < 5 i p,n extension) wi th the shift count 
being the value moved to this address* 
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F. ET, D EC tape 

214“ f nterrupt vector G=prtorlty 

The simuator command structure for attaching this 


device is 

not 

yet settled. 


177540 

R0 

TCST, Control and 

Status Register 

0:1 

US 

Extended Data* 


2:4 

m 

Data Tracks* 


5:fi 

MS 

Maint enance, 


7 

RO 

Tape up to speed* 

Cleared when unit 

or reverse 

bit 

changed, 


E 

RO 

Non-exlstant memory* Cleared in the 


manner as blt 15. 


9 

MS 

Data missed. 

10 

RO 

Dlock missed* 

11 

RO 

Selection error* 

12 

RO 

111esal operation. 

13 

MS 

Hark track error* 

Ik 

MS 

Parity error. 

15 

RO 

End zone. Cleared when a zero 

IS or 

TCCH* 


177342 

R/W 

TCCM, Command Register 

0 

WO 

Starts action, clears ready*. 

1: 3 

R/W 

Command as Indicated below: 


Joaded into 


i F unction 
0 Stop all noti on. 

1 Read block number. 

2 Read data* 

3 Read all. 

If Stop motion in selected transport, 
5 Write timing and mark track* 
fi Urlte data* 

7 Writo all* 


k: 5 

R/W 

Extend blLs of buss address* 

G 

R/W 

interrupt enable. 

7 

RO 

Ready. 

8:111 

R/W 

Unit select* 

11 

R/W 

Tape direction* 

12 

R/W 

Delay Inhibit* 

13 

MS 

Maintenance. 

15 

R/W 

E rror + 

177344 

R/W 

TCMC, Word Count 

0: 1$ 

R/W 

Two’s complement word count* 

177346 

R/W 

TCBA, Buss Address 

0: IS 

R/W 

Russ address for memory transfers 
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177350 NS 


Data Register 
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0, DF, The RFll/RSll Disk 

204 ^interrupt vector Apriority 

This device is not ini tally attached, It Is the only 
device that way be Riven a file arsument on attaching but acts 
differently if not Riven a file argument, AM other devices 
that take file specifications simply use some Initial fTle as 
changed by previous type-in Ef no file specification is 
supplied. This device is simulated by storing the disk 
contents In the simulator’s core Image, Two PDP-11 words are 
stored per PDF-lb word. 

The UF device nay be attached by a load command I See 
Vi f which loads disk contents information, A message is 
printed and the information is loadEd into the simulated disk, 
If an attach command on the DF device Is given a file 
argument, the disk Is attached and disk Enfornatiqn only is 
loaded from the specified file Into the simulated disk* An 
attach command with no file specification attaches a zeroed 
disk. The :ZERDF command Is also available to zero the disk 
|Sec VE | * 

Detaching the OF with a file name simulates a tDMPDF 
|Sec VI| and then expunges the disk contents Information Ip 
core. If no file is specified and the user has not done a 
;DM PDF then the disk contents Ts lost by detaching the DF 
devf ce. 

Although In the simulator a disk transfer happens 
Instantaneously In terms of cumulative simulated time, the 
ready flag will not normally come op {possibly causing an 
Interrupt) until the right amount of simulated time has past. 
The user can activate another transfer by setting ro even when 
ready is off, 

177ti60 R/W DCS, Disk Control and Status 

ft WD Setting causes the disk to execute the 
function selected by bits 1:2, clears bits S:]3, and dears 
bEt 15 unless bit Ik is set, 

1:2 R/W Select nna of three functions as shown in 
this table; 

2 . _I Function 
0 0 no operation 
0 i write 
1 0 read 
1 1 write check 
3 NS Maintenance, 

4:5 R/W Extended memory hits* Cause disk non¬ 

existent memory error unless both on when addressing an 1-0 
regis ter, 

G R/W Interrupt enable. Allows hits 7 and 15 to 
Inter rupt * 

7 RQ Ready, 

s WO Setting causes "power clear" of disk. 
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0 

HS 

Missed transfer* 


ID 

ns 

Write lock cut. 


11 

RO 

bon-ext 5 tent disk. 

{in l f DAE bits 2:4 are 

non“zero, 




12 

HS 

Pata parity error , 


13 

RO 

Ur 1 te check error, 

On T f word read from 

memo r y a h d 

word 

read from disk differ during a write check 

opera 11 on * 




14 

RO 

Freese. Or of DAE 

bits 10:15* 

15 

RU 

Error* Pr of DCS bits 9:14* 

177462 

rt/vj 

CM A, C if rrent Memory 

Add res s 

1:15 

R/W 

Current memory address, initially loaded with 


the startlPig address ml pus two,, incremented after each word Fs 
transfered unless PAE bit 51 Is on, 

1774&4 R/W V/C, Word Count 

0: IS R/lf Word count, loaded with 2*5 complement of 
block length and Incremented by I before each transfer* 
Overflow ends a function* Limits block size to 6-5^530 words, 

177466 R/W PAR, P i sk Address Register 

D:10 R/W Selects word of disk track for next transfer*' 
Incremented after each transfer* Overflow carries Tnto track 
address* 

11:15 R/W Selects track for next word to be transferee. 
Carries into and 3s extended by DAE bits 0:1* 

177470 R/U DAE, Disk Address Extension and Error 

0:1 R/W Track address extension, carries into bit 2 * 

2 1 Ij ft/VJ Disk address, Em the simulator causes non¬ 

existent disk error if non-zero, carries Into bit 5, 


5 

R0 

Pi 5 k address overflow, causes non-ex .1 scant 

k error. 




7 

n$ 

Data request late. 

a 

R/W 

DMA increment Inhibit* 

10 

RO 

Won-ex 1stant memory on disk reference. 

12 

US 

C timing track 

error* 

13 

us 

B timing track 

error* 

14 

HS 

A timing track 

error* 

15 

ns 

Address part cy 

error* 

177472 

HS 

Data Buffer 

Reg!ster 

177474 

HS 

Maintenance 

Register 

177476 

RO 

ADS, Address of 

pisk^Segnent 

OilO 

RO 

Real time disk 

po $ t 11 0 n * 
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H* LP, Lire Printer 

£0O"t nterrupt vector Apriority 

The device Is not initially attached* It allows 
output to the "Hue printer" through the same oath as. that 
enabled by Ijk |Sec 3l||. It nay be Riven a file specification 
to output to which will effect future 1Ji or tWALLP output |Sec 
Detaching the LR does not terminated |JJ or :WftLLP output* 
Characters may he output every 6 simulated microseconds* 
Characters output when done Is not on will he lost* 


177D24 

ft/U 

LPS t Line Printer &tptus 


6 

R/l? 

Interrupt enable, allows bit 7 or 

15 to 

Interrupt* 

7 

R/M 

Done, Indicates ready to accept 

character in 

LPB* 

15 

FtO 

Error an output* 


1775 2 & 

i'JO 

LPB, Line Printer Buffer 


0 ! G 

WO 

Character to he printed* Loading 

clears LPS 

bit 7. 

1. IK, The 

KWH 

-l Line-Frequency Clock 



lQlWnterrupt vector Opr I or! ty 

This device 5s initially attached* It takes no file 
name after an attach command on It but a non-zero prefix 
numeric argument will set the "line frequency' 11 used ft T ts 
operation, This Is Initally 6Q t The cumulative simulated 
time is used to drive the LK so Its actions correspond to 
simu late real time* 


177546 

FED 

IKS, Line 

Clock Status 


6 

E nterupt, 

It/Vf 

Interrupt 

enable, atoows 

bit 7 to request 

7 

ftO 

Set to one 

every cycle of 

line current. 


cleared by reading- 
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j. PR, High Speed Paper Tape Reader 

70=Interrupt vector Apriority 
This device Is not fnltT ally attached. It takes a 
file specification to read from, A nonzero numeric argument 
will set the P R to rad in image or ASCI! node as the argument 
is one or greater than nne, In,age node Is the Initial setting 

and must be used to read properly from the PTR [Ref U\ which 
3s the initial file specification* A character may be read 
from thE PR device every ft simulated microseconds but no date 
Is lost If characters ere not read fast enough, 

177&50 R/M PfiSj. Paper Tape Reader Status 

0 1J0 Reeder enable, recuests read of next 

character, can be set only 3f hit 15 clear, setting clears PRB 
and sets bit 11, 


G 

R/W 

Interrupt enable, allows hits 7 and 

15 

to 

Interrupt. 





7 

R0 

Done, set by character available, cleared by 

reading PRR 

ft) 




11 

RQ 

Susy, set by setting bit 0, cleared 

by 

bl t 7 

coining on. 





15 

RD 

Error, set by end of input. 



177552 

R0 

FFiB, Paper Tape Reader Buffer 



0: 7 

RO 

Reader character buffer. 




K* PR, High Speed Paper Tape Punch 

7t=interrupt vector Apriority 
This device Is not initially attached. It takes a file 
spec!feat ion to write on, A non-zero prefix numeric argument 
wl1 I set the PP to read In image or ASCII node as the argument 
is one or greater than one. Image mode Is the Initial setting 
and must be used to write properly on the PTP device 3 Ref It [ 
which is the initial file specification. Characters nay he 
output to the PP device every JO. simulated microseconds, 

Data output when ready Is not on is lost. 


1775511 R/W 

6 R/W 
3 nterupt, 

7 R0 
for more date, 

15 RO 


FPS, Paper Tape Punch Status 

Interrupt enable, allows bits 7 and 15 to 

Ready, cleared by loading PPB, set when ready 

Error on output. 


17 75 55 WO 
Q; 7 WO 


PPB, Paper Tape Punch Buffer 
Punch character buffer, 
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L. TK, Teletype Keyboard 

GQ=1nterrupt vector [(“priority 
This device is Initially attached and allows Input 
from the user's teletype to the simulated PDP-11 program. Ho 
file specification Is taken by tMs device but a non-zero 
prefix numeric argument will set the ratio between simulated 
real teletype speed and real teletype speed, (This Is 
Initially set to lOOb,) Thus an argument of one would alllow 
one input character per one tenth second of simulated time or 
4 seconds of real time. In the simulator, as opposed to the 
real PDP-11, data ts not lost due to not reading ft In time* 
However, characters buffered by the tine-sharing system wilt 
be lost on transition to command level. 


177560 

ft/tf 

0 

NS 

6 

R/W 

7 

FiO 

when set. 


II 

RO 

177562 

RO 

0:7 

RO 

tks , 



TKS, Teletype Keyboad Status 
Reader enable, 
interrupt enable. 

Done, character available. Clears bit II 

Busy, character being read, 

TKB, Teletype Keyboard Buffer 
Character buffer, reading clears bit 1 in 


M* TP, Teletype Printer 

nterrupt vector ti-priorlty 
This device is initially attached and allows output to 
the 1 ’console" through the same path as command level type out 
jSec 1H|* No file speoif1tatlon [s taken by this device but 
a non-zero prefix numeric ergument will set the ratio between 
simulated real teletype speed and real teletype speed. This 
is initially SOD 1 . (See description of TK device,) Wrltttng 


in 7PB when 

ready Ts off will easuse output to be lost. 

17756k 

R/W 

TPS, Teletype Printer 

Status 

2 

NS 

Maintenance control* 


6 

R/W 

Interrupt enable. 


7 

RO 

Ready, 


177566 

WO 

IPS, Teletype Printer 

Suffer 

0:7 

WO 

Character buffer, clears bit 7 In TPS when 


loaded 
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IN Console Data Switches Register 
See references, 1 and 2* 


177 5 70 fid SWA, Switch Register 

0 1 IS F10 This location represents the console data 
switches* Although read-only for a simulated program, It 
line deposited Into by command level. 


can 


0 , Processor General Registers 
h *Interrupt vector 
iG*Interrupt vector 
20 a interrupt vector 
3 CWntorrupt vector 
3 R=lnterrupt vector 

See references 1 and 2* The processor registers are 
printed by :ft£GS, 

17 77 00 R/W through 17 7715, %Q through f d 7 

Oil! R/W through £5 ere the PDP-ll's general 

purpose registers* is used os the stack pointer for 

Interrupts* % 7 is the program counter. 
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p„ [45, PDP-11/45 Features 

24 D*i nterru.pt vector priority variable 

With this device attached, as It is initially, the 
following PDP-il/45 op-codes become available: XOR, HUL, f>IV, 
ASH, A5HC, SXT, 5PL, RTT, SOR, and MARK* fEstimated times are 
used for these operations in advancing the cumulative 
simulated time,) The PDF-11/45 segmentation option and 
floating point processor option and theTr associated 
instructions are not simulated. See reference 2, 


177772 
1 i 3 

5:IS), 

S: 7 
9 tlS 

is priority 


R/U FIR, Programmed Interrupt Request 
RO Priority level of highest request (bits 

RQ Same as 1:3, 

R/W Program set requests for Interrupts* pit n 
n minus ?!, 


1777 74- HS - f 11/45 Stack LEmtt 


Q. Processor Status Register 
14=1nterrupt vector 

The trace trap enable bit causes a trap through 14 at 
the end. of most instructions. See references 1 and 2, 


177776 

0 

1 

2 

3 

4 

5:7 

lower priori 


R/W PS, Processor Status 
R/W Carry flag (C), 

Ft/W Overflow flag (V>* 

Ft/W Zero f 1 as (71. 

R/W Negative flag (M), 

R/W Trace trap- enable CT) 
R/W Processor priority, 
ty are inhibited. 


Interrupts 


of 


equal or 


